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(54) METHOD OF QUANTITATING CHOLESTEROL IN LOW-DENSITY LIPOPROTEIN 



(57) The present invention relates to a method for 
the determination of cholesterol in low-density lipopro- 
tein (LDL) in a sample containing LDL. which comprises 
eliminating cholesterol in high-density lipoprotein in the 
sample, subjecting the sample to a reaction utilizing the 
action of a cholesterol ester-hydrolyzing enzyme and 
the action of a cholesterol-oxidizing enzyme or of cho- 
lesterol oxidoreductase, and determining the amount of 
hydrogen peroxide or a reduced type coenzyme gener- 
ated by the reaction. 
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Description 

Technical Field 

5 The present invention relates to a method for the determination of cholesterol in low-density lipoprotein (LDL) 
(hereinafter referred to as LDL cholesterol) which is important for the diagnosis of arteriosclerosis in the field of clinical 
diagnosis. 

Background Art 

10 

The conventional method for the detemiination of LDL cholesterol comprises first determining the total amount of 
cholesterol in a portion of a given sample, then adding a precipitant for LDL and very low-density lipoprotein (VLDL) to 
a separate portion of the sample, centrifuging the resultant mixture to obtain a supernatant, determining the amount of 
cholesterol in high-density lipoprotein (HDL) (hereinafter referred to as HDL cholesterol) of the supernatant, and calcu- 

15 lating the amount of LDL cholesterol in accordance with the Friedewald formula of conversion [Japanese Clinic (Nippon 
Rinsho). Extensive Chemical Test of Blood and Urine, Immunological Test, Volume 1 , p. 615. published by Nippon Rin- 
shosha,'l9951. This method requires determination of two quantities, i.e. the total amount of cholesterol and the amount 
of HDL cholesterol, and also requires the step of centrifugation, etc.. which makes the process complicated. However, 
if a blood serum sample is directly added to a reagent containing cholesterol esterase and cholesterol oxidase, the 

20 resultant test system is not different from a system for the determination of total cholesterol and has no specificity to 
LDL cholesterol. 

Japanese Published Unexamined Patent Application No. 165800/83 discloses a method for directly determining 
the amount of LDL cholesterol in the presence of a special surfactant without the step of separation. However, this 
method, which allows both of HDL cholesterol and LDL cholesterol to undergo the relevant reaction, has low LDL spe- 
25 cificity and requires complicated setting of reaction conditions; thus it is not readily applicalile to a variety of samples. 
Japanese Published Unexamined Patent Application No. 280812/95 discloses a method which comprises aggre- 
gating LDL eliminating cholesterol in lipoproteins other than LDL. resolving the LDL aggregation, and subjecting LDL 
cholesterol to an enzyme reaction to determine the amount of LDL cholesterol. 

30 Disclosure of the Invention 

The present inventors have found a) that LDL cholesterol in a sample containing LDL can be specifically deter- 
mined without particular separation thereof by specifically eliminating HDL cholesterol by a reaction with a reagent for 
the reaction of cholesterol in the presence of a reagent which inhibits the reaction of lipoproteins other than HDL, i.e. 

35 LDL, VLDL and chylomicron (CM), and then, if necessary in the presence of a reagent which enables the reaction of 
LDL cholesterol, subjecting LDL cholesterol to an enzyme reaction for the detemiination of cholesterol by the use of a 
reagent for the reaction of cholesterol, and b) that LDL cholesterol in a sample containing LDL can be specifically deter- 
mined without particular separation thereof by inhibiting only the reaction of LDL. eliminating cholesterol in lipoproteins 
other than LDL by a reaction with a reagent for the reaction of cholesterol, and thereafter subjecting LDL cholesterol to 

40 an enzyme reaction for the determination of cholesterol by the use of a reagent for the reaction of cholesterol. The 
present invention has thus been completed. 

The expression "inhibiting the reaction o1 lipoproteins other than HDL" as used herein means enabling selectively 
cholesterol in HDL to undergo an enzyme reaction by aggregating lipoproteins other than HDL or lowering the reactivity 
of the outer walls of lipoproteins other than HDL so as to render selectively unbreakable the outer walls of lipoproteins 

45 Other than HDL The expression "enabling the reaction of LDL cholesterol" means enabling LDL cholesterol to undergo 
an enzyme reaction by breaking the outer walls of LDL The expression "inhibiting only the reaction of LDL" conversely 
means enabling selectively cholesterol iiV lipoproteins other than LDL to undergo an enzyme reaction by aggregating 
LDL or lowering the reactivity of the outer walls of LDL so as to render selectively unbreakable the outer walls of LDL 
The present invention relates to a method for the determination of LDL cholesterol in a sample containing LDL 

so which comprises eliminating HDL cholesterol in the sample, then subjecting the sample to a reaction utilizing the action 
of a cholesterol ester-hydrolyzing enzyme and the action of a cholesterol-oxidizing enzyme or of cholesterol oxidore- 
ductase, if necessary in the presence of a reagent which enables the reaction of LDL cholesterol, and determining the 
amount of hydrogen peroxide or a reduced type coenzyme generated by the reaction. 

The present invention also provides a reagent for the determination of cholesterol in LDL which contains a reagent 

55 inhikwting the reaction of lipoproteins other than HDL and a reagent enabling the reaction of cholesterol in LDL and a 
reagent for ttie determination of cholesterol in LDL which is a kit composed of a reagent inhibiting the reaction of lipo- 
proteins other than HDL and a reagent enabling the reaction of cholesterol in LDL 

Further, the present invention provides a reagent for the determination of chdeslerol in LDL which contains a rea- 
gent inhibiting only the reaction of LDL; a reagent for the determination of cholesterol in LDL, which contains a reagent 
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inhibiting only the reaction of LDL and a reagent enabling the reaction of cholesterol in LDL; and a reagent for the deter- 
mination of cholesterol in LDL. which is a kit composed of a reagent inhibiting only the reaction of LDL and a reagent 
enabling the reaction of cholesterol in LDL. 

In accordance with the present invention, the determination of LDL cholesterol can be carried out as follows: 

a) HDL cholesterol is specifically eliminated by a reaction with a reagent for the reaction of cholesterol In the pres- 
ence of a reagent inhibiting the reaction of lipoproteins other than HDL. i.e. LDL. VLDL and CM. then, if necessary 
in the presence of a reagent enabling the reaction of LDL cholesterol, the sample is subjected to a reaction utlizing 
the action of a cholesterol ester-hydrolyzing enzyme and the action of a cholesterol-oxidizing enzyme or of choles- 
terol oxidoreductase. and the amount of hydrogen peroxide or a reduced type coenzyme generated by the reaction 

is determined; or ^ w i » i 

b) cholesterol in lipoproteins other than LDL is eliminated by a reaction with a reagent for the reaction of cholesterol 
in the presence of a reagent inhibiting only the reaction of LDL. the sample is subjected to a reaction utilizing the 
action of a cholesterol ester-hydrolyzing enzyme and the action of a cholesterol-oxidizing enzyme or of cholesterol 
oxidoreductase, and the amount of hydrogen peroxide or a reduced type coenzyme generated by the reaction is 
determined. 

For example, LDL cholesterol in a sample containing HDL and LDL can be determined by subjecting the sample to 
a reaction utilizing the action of a cholesterol ester-hydrolyzing enzyme and the action of a cholesterol-oxidizing 
enzyme in the presence of a reagent inhibiting the reaction of lipoproteins other than HDL to form hydrogen peroxide, 
subsequently or simultaneously adcSng catalase. peroxidase and an aniline compound, peroxidase and a phenol com- 
pound or peroxidase and 4-aminoantipyrine to eliminate the hydrogen peroxide, and then adding a chromogen (in com- 
bination with peroxidase when catalase is used), and an appropriate surfactant, cyclodextrin. or a cholesterol ester- 
hydrolyzing enzyme capable of acting on LDL to the sample for color development. The expression "acting on LDL" as 
used herein means enabling LDL cholesterol to undergo an enzyme reaction by breaking the outer walls of LDL of 
which the reaction has been inhibited. . .„ ^ . . 

LDL cholesterol in a sample containing LDL can be determined by adding a cholesterol ester-hydrolyzing enzyme, 
a cholesterol-oxidizing enzyme, and a chromogen to the sample in the presence of a reagent inhibiting only the reaction 
of LDL to develop a color, and measuring the change in absorbance of the sample subsequent to the reaction of cho- 
30 lesterol in lipoproteins other than LDL , ^. a-,- ■ 

LDL cholesterol in a sample containing LDL can also be determined by subjecting the sample to a reaction utlizing 
the action of a cholesterol ester-hydrolyzing enzyme and the action of a cholesterol-oxidizing enzyme in the presence 
of a reagent inhibiting only the reaction of LDL (which is not required when the cholesterol ester-hydrolyzing enzyme 
mentioned above inhibits only the reaction of LDL) to form hydrogen peroxide, subsequentiy or simultaneously adding 
35 catalase, peroxidase and an aniline compound, peroxidase and a phenol compound, or peroxidase and A-aminoantipy- 
rine to eliminate the hydrogen peroxide, and then adding a chromogen (in combination with peroxidase when catalase 
is used), and a reagent enabling the reaction of LDL cholesterol (which is not required when the cholesterol ester- 
hydrolyzing enzyme merttioned below enables the reaction of LDL cholesterol) and a cholesterol ester-hydrolyzing 
enzyme (which is not required when the initially added cholesterol ester-hydrolyzing enzyme is enabled to react with 
40 LDL cholesterol by the reagent enabling the reaction of LDL cholesterol) to the sample for color development 

The method of the present invention can be applied to body fluid samples containing LDL such as blood and urine. 
Representative procedures for the determination according to the present invention are described below. 
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Procedure 1 

The determination is carried out by (1) adding a neutral buffer solution containing a reagent inhibiting the reaction 
of lipoproteins other than HDL to a prescribed amount of a sample, followed by, for example, heating at ST^C for several 
minutes, to inhibit the reaction of LDU VLDL. and CM; (2) adding to the sannple a cholesterol ester-hydrolyzing enzyme 
which is unreactive to LDL (preferably a chemically modified cholesterol ester-hydrolyzing enzyme), a cholesterol-oxi- 
dizing enzyme which is unreactive to LDL (preferably a chemically modified cholesterol-oxidizing enzyme) [or choles- 
terol oxidoreductase (preferably chemically modified cholesterol oxidoreductase)]. and catalase, peroxidase and an 
aniline compound, peroxidase and a phenol conrpound. or peroxidase and 4-aminoantipyrine [or NAD(P)] to eliminate 
HDL cholesterol by the reaction; (3) acWing to the sample a surfactant, cydodextrin, a chelating agent a cholesterol 
ester-hydrolyzing enzyme capable of acting on LDL (preferably a chemically unmodified cholesterol ester-hydrolyzing 
enzyme), a cholesterol-oxidizing enzyme capable of acting on LDL (preferably a chemically unmodified cholesterol-oxi- 
dizing enzyme) or cholesterol oxidoreductase capable of acting on LDL (preferably chemically unmodified cholesterol 
oxidoreductase). and a chromogen [which is not added or replaced with NAD(P) when cholesterol oxidoreductase is 
used] for the reaction of LDL cholesterol to form hydrogen peroxide and to develop a color [or to fonn NAD(P)H]: and 
(4) measuring the absoibance of the formed pigment at the maximum wavelength vwth a spectrophotometer [measunng 
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the increase of the NAD(P)H in terms of the absorbance at 300-500 nm. preferably 330-400 nm. for example at 340 nm, 
when cholesterol oxidoreductase is used (otherwise forming a formazan pigment by the addition of diaphorase and a 
tetrazolium salt, followed by colorimetric detemnination of the formazan pigment)]. The expression "being unreactive to 
LDL" as used herein means failing to break the outer walls of LDL to enable LDL cholesterol to undergo an enzyme 

5 reaction. The amount of LDL cholesterol is calculated on the basis of the absorbance separately determined by using 
a standard solution containing LDL cholesterol at a known concentration under the same conditions. Steps (1) and (2) 
may be carried out at the same time. 

An example of the reagent inhibiting the reaction of lipoproteins other than HDL is a combination of an aggregating 
agent and a divalent metal salt Examples of the aggregating agent are heparin and salts thereof, phosphotungstic acid 

10 and salts thereof, dextran sulfuric add and salts thereof, polyethylene glycol, sulfated cyclodextrin and salts thereof, sul- 
fated oligosaccharide and salts thereof, and mixtures thereof. Examples of the cyclodextrin are a-cyclodextrin. p-cydo- 
dextrin, and rcyclodextrin. Examples of the oligosaccharide are maltotriose. maltotetraose. maltopentaose, 
maltohexaose. and maltoheptaose. Examples of the salt are sodium salt, potassium salt, lithium salt, ammonium salt, 
and magnesium salt. Examples of the divalent metal salt are magnesium salt, calcium salt, manganese salt, nickel salt, 

15 and cobalt salt. 

Specifically, as the aggregating agent, 0.02-10 mM heparin having a molecular weight of 5.000-20.000 or a salt 
thereof. 0.1-10 mM phosphotungstic acid having a molecular weight of 4.000-8.000 or a salt thereof. 0.01 -5 mM dextran 
sulfuric acid having a molecular weight of 10,000-500.000 or a salt thereof, 0.1-20 mM dextran suHuric add having a 
molecular weight of 1 ,000-10.000 or a salt thereof, 0.3-100 mM polyethylene glycol (PEG) having a molecular weight of 

20 4,000-25,000, 0.1-50 mM sulfated cyclodextrin having a molecular weight of 1 ,000-3.000 or a salt thereof, 0.1 -50 mM 
sulfated oligosaccharide having a molecular weight of 400-3.000 or a salt thereof, or any of the mixtures thereof is used. 
Preferably, 0.03-1 mM heparin having a molecular weight of 1 4.000-1 6,000 or a salt thereof. 0. 1 -3 mM phosphotungstic 
acid having a molecular weight of 5.000-7,000 or a salt thereof. 0.01-5 mM dextran sulfuric acid having a molecular 
weight of 1 50,000-250.000 or a salt thereof, 0. 1 -1 0 mM dextran sulfuric acid having a molecular weight of 1 ,000-5.000 

25 or a sart thereof, 1 .0-50 mM PEG having a molecular weight of 5.000-22,000. 0. 1 -1 0 mM sulfated cydodextrin having 
a molecular weight of 1.000-2.000 or a salt thereof. 0.1-10 mM sulfated oligosaccharide having a mdecular weight of 
400-2,000 or a salt thereof, or any of the mixtures thereof is used. 

As the divalent metal salt. 0.1-50 mM magnesium salt, caldum salt, manganese salt, nickel salt, cobalt salt. etc. is 
used. Preferably, 0.1-50 mM magnesium salt is used. 

30 As the reagent inhibiting the reaction of lipoproteins other than HDL. an antiapo-B antibody, an antiapo-C antibody, 
etc. may also be used. Examples of the antiapo-B antibody and antiapo-C antibody are: an IgG fraction which is 
obtained by immunizing rabbits against apoprotein B or apoprotein C purrtied from human blood serum, collecting 
antiapo-B antiserum or antiapo-C antiserum from the immunized rabbits, and subjecting the antiapo-B antiserum or 
antiapo-C antiserum to ammonium sulfate precipitation and salting out; and an antiapo-B monoclonal antibody or an 

35 antiapo-C monoclonal antibody which is obtained by immunizing mice against the apoprotein B or apoprotein C men- 
tioned above [Introduction to Experimental Procedure for Monodoal Antibody, written by Tamie Ando. Kodansha Sden- 
tific, 21 (1991)]. 

As the enzymes, commerdally available enzymes can be used. For example, cholesterol esterase and lipoprotein 
lipase derived from animals, plants or microorganisms having the ability to hydrolyze cholesterol ester, cholesterol oxi- 

40 dase derived from animals, plants or microorganisms having the ability to oxidize cholesterol to form hydrogen peroxide, 
and cholesterol dehydrogenase derived from animals, plants or microorganisms may be used. In order to Improve the 
specificity and stability of these enzymes, they may be chemically modified vnth a group having pdyethylene glycd as 
a main component, a group having polypropylene glycol as a main component, a group having a saccharide in the 
stmcture such as a water-soluble digosaccharide residue, a sulfopropyl group, a polyurethane group, etc. Further, 

45 enzymes which are obtained by introduction of genes of the enzymes mentioned above into other microorganisms and 
subsequent expression thereof, optionally followed by chemical modification, and enzymes which are obtained by rrod- 
if ication of genes of the enzymes mentioned above and subsequent expression thereof, optionally followed by chemical 
modification, can also be used. 

Examples of the reagent for modifying the enzymes (chemical modifier) are compounds wherein polyethylene jgly- 

50 col and a group which can be bonded to an amino group are connected [e.g. Sunbright VFM4101 (NOF Corporation) 
wherein polyethylene glycol and a group which can be bonded to an amino group such as N-hydroxysucdnimido group 
are connected], Sunbright AKM series. ADM series, and ACM series [NOF Corporation: Chemical Engineering Mono- 
graph (Kagaku Kogaku Ronbunshu). 2SL (3). 459 (1994)]. which are compounds having the polyaikylene glycol stmc- 
ture and the add anhydride stnicture, compounds wherein a copolymer of polyethylene glycol and polypropylene glycol 

55 and a group which can be bonded to an amino group are connected, copolymers of polyethylene glycol nranomelhaCTyt 
monomethyl ether and maleic anhydride, etc. Further, polyurethane P4000 activated (Boehringer Mannheim. Directions 
for Enzyme Modification Set) which is a chemical modifier for polyurethane. Dextran T40. TCT-activated (same as 
above) which is a chemical modifier for dextran, 1 ,3-propanesultone, etc. are also usaWa By the use of these chemical 
modifiers, the enzymes can be modified with a group having polyethylene glycol as a main conponenl, a group having 
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polypropylene glycol as a main conponent. a group having a copolymer of polypropylene glycol and polyethylene gly- 
col, a group having a saccharide in the structure, a sulfopropyl group, a polyurethane group, etc. 

* A method for the reaction of an enzyme with a chemical modifier is described below. It should be noted, however, 
that the method is not limited to this method- First, the enzyme is dissolved in a buffer such as HEPES buffer of pH 8 or 
5 above and then, for example. Sunbright (0.01 -500 times molar quantity of the enzyme) is added to the solution at 0- 
5Q^C followed by stirring for 5-60 minutes. The resulting reaction mixture is used as it is. or it is used after removal of 
low molecular weight compounds by ultraf iltratfon. if necessary The cholesterol ester-hydrolyzing enzyme, cholesterol- 
■ oxidizing enzyme, and cholesterol oxidoreductase are advantageously used at a concentration of 0.1-100 u/mt. 

It is preferred that the cholesterol ester-hydrolyzing enzyme, cholesterol^xidizing enzyme and cholesterol oxidore- 
10 ductase which are unreactive to LDL be chemically modified with a group having polyethylene glycol as a mam compo- 
nent, a group having polypropylene glycol as a main component, a group having a sacchande in the strui:jture such as 
a water-soluble oligosaccharide residue, a sulfopropyl group, a polyurethane group, etc. 

As the cholesterol ester-hydrolyzing enzyme, cholesterol-oxidizing enzyme and cholesterol oxidoreductase which 
are capable of acting on LDU chemically unmodified enzymes are prefen-ed. However, enzymes slightly modified for 
75 the sake of stabilization can be used insofar as they are capable of acting only on LDL An example of the modifier to 
be used is Sunbright VFM4101 (NOF Corporation) mentioned above. The amount of the enzyme to be used is prefer- 
ably 0.5-100 u/ml. . -r* V 
As the surfactant which is used for the purpose of rendering LDL reactive, nonionic surfactants such as Tnton X- 
100 cationic surfactants and anionic surfactants are used in an amount of 0.02-10%. The cyclodextrin which is used 
20 for the purpose of rendering LDL reactive includes aKiydodextrin. p-cyclodextrin. rcyclodextrin. dimethyl-a-cyclodex- 
trin dimethyl-p-cyclodextrin. dimethyl-rcyclodextrin. hydroxypropyl-a-cyclodextrin, hydroxypropyl-p-cyclodextrin. 
hydroxypropyl-rcyclodextrin. .2,3,6-O-methyl-p-cyclodextrin, and poly-p-cyclodextrin. The cyclodextrin is used in an 
amount of 0.1-10%. As the chelating agents which are used for the purpose of rendering LDL reactive, compounds 
which are capable of forming complexes with magnesium are advantageously used. For example, ethyl enediamine- 
25 tetraacetic acid (EDTA). triethylenetetramine-N.N.N\N".N"\N-.hexaacetic add (TTHA). and trans- 1,2-cydohexanedi - 
amine-N N N' N'-tetraacetic acid (CyDTA) monohydrate are used in an amount of 0.005-2%. As the chromogen which 
serves as a substrate for the cholesterol-oxidizing enzymes for the detection of hydrogen peroxide, combinations of 4- 
aminoantipyrine and Trinder's reagents [General .Catalog of Dojtn Kagaku Kenkyusho. 19th ed. (1994)] can be used, as 
well as generally enployed combinations of 4-aminoantiRyrine and phenols such as phenol. 4.chlorophenol, m-cresol 
30 and 3-hydroxy-2.4,6-triiodobenzoic add (HTIB). Examples of the Trinder's reagent are anilines sudi as N-sulfopropy- 
laniline N-ethyl-N-(2.hi«Jroxy-3-sulfopropyl)-m-toluidine (TOOS). N-ethyl-N-(2-hydroxy-3-sulfopropyl)-3.5<limethyl- 
aniline'lMAOS). N-ethyl-N.(2-hydroxy-3-sulfopropyI)-3.5-dimethoxyaniline (DAOS). N-ethyl-N-suHopropyl-m-toluidine 
(TOPS), N-{2-hydroxy-3-sulfopropyl)-3.5<Iimethoxyaniline (HDAOS), N,N<Jimethyi-m-toluidine. N.N-disulfopropyl-3.5- 
dimethoxyaniline. N-ethyl-N-sulfopropyl-m-anisidine, N-ethyl-N-sulfopropylaniline. N-ethyl-N-sulfopropyI-3.5<limeth- 
35 oxyaniline. N-sulfopropyl-3.5-dimethoxyaniline, N-ethyl-N-sulfopropyl-3,5-dimethylaniline, N-ethyl-N-(2-hydroxy-3-sutfo- 
propyl)-m-anisidine. N-ethyl-N-(2-hydroxy-3-sulfopropyl)aniline and N-ethyl-N-(2-hydroxy-3-sulfopropyl)-3,5- 
dimethoxyaniline. N-ethyl-N-(3-methylphenyl)-N'-succinylethylenediamine (EMSE). and N-ethyl-N-(3-methylphenyl)-N'- 
acetylethylenediamine. As the chromogen of high sensitivity. 10-(N-methylcarbamoyl)-3.7-bis(dimethylamino)phenothi- 
adine (MCDP) disdosed in Japanese Published Examined Patent Application No. 33479/85. bisI3-bis{4.chIorophe- 
40 nyl)methyl-4-dimethylaminophenyl]amine (BCMA) disdosed in Japanese Published Examined Patent Application No. 
27839/92. the chromogens disclosed in Japanese Published Unexamined Patent Application No. 296/87. etc. can be 
used. These chromogens of high sensitivity may be used in combination with 4-aminoantipyrine or with the Tnnder^s 
reagents enumerated above. The concentration of the chromogen is preferably O.OMO mg/ml, and is limited by the sol- 
ubility. 

45 As the phenol compound and the aniline compound to be used in combination with peroxidase in the elimination of 
HDL. the phenols and the anilines enumerated above are similarly usable. 

As the buffer. Trfe buffer, Good^s buffer, etc. are advantageously used as well as phosphate buffer. The concentra- 
tion of the buffer is preferably 5-500 wM. The pH value thereof is preferably 5-9. 



so Prpge^prg 2 

The determination is carried out by (1) adding a sample to a buffer containing ascorbic add oxidase, and adding to 
the resultant mixture a reagent containing a cholesterol ester-hydrdyzing enzyme having low reactivity to LDL (inhibit- 
ing only the reaction of LDL). a cholesterol-oxidizing enzyme having low reactivity to LDL (or cholesterd oxidoreductase 
55 having low reactivity to LDL). peroxidase and a chromogen [or N AD(P)]; and (2) subsequently to completion of the reac- 
tion of cholesterol in lipoproteins other than LDL measuring the change in absoibance with a spectrophotometer, and 
calculating the amount of LDL cholesterd on the basis of the absorbance separately determined by using a standard 
solution containing LDL chdesterol at a known conc^rtration under the same conditions. 

As the chdesterol ester-hydrolyzing enzyme having low reactivity to LDL, a chemically modified cholesterol ester- 
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hydrolyzing enzyme is preferably used. As the cholesterol-oxidizing enzyme or cholesterol oxidoreductase having low 
reactivity to LDU a chemically modified or unmodified cholesterol-oxidizing enzyme or a chemically modified or unmodi- 
fied cholesterol oxidoreductase can be used. An example of the modifier is Sunbright VFM4101 (NOF Corporation) 
mentioned above. The amount of the enzyme to be used is preferably 0.5-100 u/ml. 

As the chromogen and the buffer, the chromogens and the buffers enumerated in Procedure 1 are similarly usable. 

Procedure 3 

The determination is carried out by (1) adding a sample to a buffer containing a reagent inhibiting only the reaction 
of LDL (which is not required when the cholesterol ester-hydrolyzing enzyme mentioned below inhibits only the reaction 
of LDL). a cholesterol ester-hydrolyzing enzyme, a cholesterol-oxidizing enzyme (or cholesterol oxidoreductase), and 
catalase, peroxidase and an aniline compound, peroxidase and a phenol compound, or peroxidase and 4-aminoamipy- 
rine [or NAD(P)] to eliminate cholesterol in lipoproteins other than LDL by the reaction; (2) adding a reagent enabling 
the reaction of LDL cholesterol (which is not required when the cholesterol ester-hydrolyzing enzyme mentioned below 
enables the reaction of LDL cholesterol), a cholesterol e^er-hydrolyzing enzyme (which is not required when the ini- 
tially added cholesterol ester-hydrolyzing enzyme is enabled to react with LDL cholesterol by the reagent enabling the 
reaction of LDL cholesterol), and a chromogen [which may be unnecessary or replaced with NAD(P)1 (in combination 
with peroxidase when catalase is used) for the reaction of LDL cholesterol to form hydrogen peroxide and to develop a 
color [or to form NAD(P)H]; and (3) measuring the absorbance of the formed pigment at the maximum wavelength with 
a spectrophotometer [measuring the increase of NAD(P)H in temis of the absorbance at 300-500 nm. preferably 330- 
400 nm. for example at 340 nm when cholesterol oxidoreductase is used (othenwise forming a formazan pigment by the 
addition of diaphorase and a tetrazolium salt, followed by colorimetric determination of the formazan pigment)]. The 
amount of LDL cholesterol is calculated on the basis of the absorbance separately determined by using a standard 
solution containing LDL cholesterol at a known concentration under the same conditions. 

As the reagent inhibiting only the reaction of LDL. a cholesterol ester-hydrolyzing enzyme capable of inhibiting only 
the reaction of LDL etc. can be used. As the reagent enabling the reaction of LDL cholesterol, a cholesterol ester-hydro- 
lyzing enzyme enabling the reaction of LDL cholesterol, a surfactant, a chelating agent, etc. can be used. 

As the surfactant and the chelating agent, the surfactants and the chelating agents enumerated In Procedure 1 are 
similarly usable. 

As the enzyn^s. the enzymes enumerated in Procedure 1 are similarly usable. 

As the cholesterol ester-hydrolyzing enzyme capable of inhibiting only the reaction of LDL. a cholesterol ester- 
hydrolyzing enzyme prepared by adding to a cholesterol ester-hydrolyzing enzyme derived from an animal, a plant or a 
microorganism a chemical modifier (not less than 10 times molar quantity of the enzyme), and a cholesterol ester- 
hydrolyzing enzyme derived from an animal, a plant or a miaoorganism which has similar specifity, or which is endowed 
with similar specificity by modification of genes of the enzymes mentioned above and subsequent expression thereof, 
can be preferably used. Specifically, the product of the reaction of cholesterol esterase derived from a microorganism 
belonging to the genus Pseudomonas. Chromobacterium. etc. in an aqueous solution with the chemical modifier men- 
tioned in Procedure 1 (not less than 10 times molar quantity of the enzyme) may be cited as an example. The molar 
ratio of the chemical modifier to the enzyme is preferably 1 0-500:1 and is determined considering the effect of endowing 
specificity and the degradation of activity by the modification. As the chemically unmodified cholesterol ester-hydrolyz- 
ing enzyme, for exanple, an enzyme obtained by the following steps can be used: randomly altering a part of the DNA 
sequence of lipase derived from a microorganism belonging to the genus Brevibacterium. introducing the altered gene 
into other miaoorganism such as E. eoL allowing it to be expressed therein, selecting by screening a strain which pro- 
duces cholesterol esterase exhibiting the enzymatic activity and possessing the ability to inhibit only the reaction of 
LDU and mass culturing the strain. The cholesterol ester-hydrolyzing enzyme is advantageously used at a concentra- 
tion of 0.1-100 u/ml. For the purpose of enhancing the specificity mentioned above, heparin, phosphotungstic acid, dex- 
tran sulfuric acid, sulfated cyclodextrin. suHated oligosaccharide, or a salt thereof, or polyethylene glycol may be added 
together with a divalent metal salt such as magnesium salt, calcium salt, manganese salt, nickel salt and cobalt salt dur- 
ing the step of (1) mentioned above in an amount not so large as to induce aggregation of LDL As the cyclodextrin, 
oligosaccharide, and salt, the cyclodextrins. oligosaccharides, and salts enumerated in Procedure 1 are similarly usa- 
ble. 

As the cholesterol ester-hydrolyzing enzyme enabling the reaction of LDL cholesterol, unmodified cholesterol este- 
rase is preferred. It is preferable to use the enzyme at a concentration of 0.5-100 u/ml. 

As the cholesterol-oxidizino enzyme or cholesterol oxidoreductase, cholesterol oxidase dereived from miaoorgan- 
isms having the ability of oxidizing cholesterol to form hydrogen peroxide, and cholesterol dehydrogenase derived from 
an animal or a microorganism are advantageously used. The enzymes mentioned above may be chemically modified 
with a group having polyethylene glycol as a main component or a water-soluble oligosaccharide residue for the pur- 
pose of enhancing the specif idty and lability thereof. The molar ratio of the ch^rtcal modifier to the enzyme is prefer- 
^y 0.1-500:1 and Is determined conskJering the effect of stabilization and the degradation of activity by the 
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10 



15 



20 



modification. The cholesterol-oxidizing enzyme and cholesterol oxidoreductase are advantageously used at a concen- 
tration of 0.1-100 u/ml. 

A method for the reaction of an enzyme with a chemical modifier is described betow. It should be noted, however, 
that the method is not limited to this method. First, the enzyme is dissolved in a buffer such as HEPES buffer of pH 8 or 
above and then a prescribed molar quantity of Sunbright is added to the solution at 0-50«C. followed by stirring for 1- 
24 hours. The resulting reaction mixture is used as it is, or it is used after removal of low molecular weight compounds 

by ultrafiltration, if necessary. x 
As the phenol compound and the aniline compound to be used in combination with peroxidase in the elimination of 
cholesterol in lipoproteins other than LDL. the phenols and the anilines enumerated above are similarly usable. As the 
chromogen and the buffer, the chromogens and the buffers enumerated above are similarly usable. " 

Since the systems of the present invention described above each includes an ordinary system for the determination 
of cholesterol, a surfactant or cholic acid which is often used to activate a cholesterol-oxidizing enzyme can also be 
employed Further, various salts for solubilizing proteins such as globulin may be used. As the surfactant, noniontc. ani- 
onic and cationic surfactants are used in an amount of 0-1%. Examples of the cholic acid are cholic aad. deoxycholic 
acid* taurocholic acid, and chenodeoxycholic acid. The cholic add is used in an amount of 0-5%. Examples of the salt 
are sodium chloride, sodium sulfate, potassium chloride, potassium sulfate, magnesium chloride, magnesium sulfate, 
magnesium acetate, magnesium nitrate, lithium chloride, lithium sulfate, ammonium chloride, ammonium sulfate, cal- 
cium chloride, calcium nitrate, calcium acetate, nickel chloride, nickel nitrate, nickel acetate, cobalt chlonde. and cobalt 
nitrate. The salt is used at a concentration of 0-100 mM. 

Rr jftf Description of the Drawinos 

Fig. 1 is a graph showing the con-elation between the dilution of blood serum containing 228.4 mg/dl LDL choles- 
terol and the absorbance as determined by the method of Example 1 . 
25 Fig 2 is a graph showing the time course of the absorbance as determined with an autoanalyzer (Hitachi 7250) by 
the method of Example 9 using HDL. LDL and VLDL separated by ultracentrifugation method and human blood serum. 

Fig. 3 is a graph showing the corelation between the dilution of blood serum containing 228.4 mg/dl LDL choles- 
terol and the absorbance as determined by the method of Example 11. 

Examples of the present invention are shown below. 

30 

Best Mode for Canrvina Out the Invention 
Example 1 Determination of LDL cholesterol 
25 (1) Chemical modification of enzyme 

Cholesterol esterase derived from a microorganism belonging to the genus Ps^udomon^s (1 g) was dissolved in 
100 ml of a 20 mM phosphate buffer (pH 8). followed by cooling to S^'C, To the solution was added 15 g of Sunbnght 
VFM4101 (NOF Corporation), and the mixture was subjected to reaction for 4 hours. The resulting reaction mixture was 
40 used as the PEG-modified cholesterol esterase in Reagent B (molecular weight of PEG moiety = 6000). Separately, 1 
g of cholesterol oxidase derived from a microorganism belonging to the genus Br^vib^pt^ri^m and 0.1 g of Sunbnght 
VFM4101 were subjected to reaction in the same manner as above. The resulting reaction mixture was used as the 
PEG-modified cholesterol oxidase in Reagent B (molecular weight of PEG moiety s 6000). 

•f * 
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(2) Determination of LDL cholesterol 





Reagent A 


3-MorphoIinopropane sulfonic acid (MOPS) buffer 


20 mM (pH 7) 


5 




Dextran sulfuric acid 


0.7 g/1 






Mg sulfate heptahydrate 


7.5 g/1 






Sodium azide 


0.1 g/1 


10 




Ascorbic acid oxidase 


3 u/ml 


Reagent B 


MOPS buffer 


20 mM (pH 7) 






Peroxidase 


30 u/ml 






PEG-mocfifled cholesterol esterase 


1 u/ml 


15 




PEG-modfied cholesterol oxidase 


3 u/ml 






Sodium chelate 


5g/l 






EMSE 


0.3 g/1 


20 


Reagent C 


MOPS buffer 


20 mM (pH 7) 






Unmodified cholesterol esterase 


2 u/ml 






4-Aminoantipyrine 


0.4 g/i 



25 



30 



35 



The following samples were used: (1 ) a blood serum containing 228.4 mg/d LDL cholesterol. (2) a 8r1 0 dilubon of 
the serum of (1) with physiological saline. (3) a 6:1 0 dilution of the serum of (1) with phys.olog.cal sahne (4) a 4:10d. u- 
tion of the serum of (1) with physiological saline. (5) a 2:10 dilution of the serum of (1) wrth phys.olog.cal sal.ne. and (6) 

phys|oloffMlsalme^ A was added 20 fil of a sample, and the mixture was incubated at 37-C for 5 minutes. Then. 
0 75 ml of Reagent B was added thereto and the mixture was incubated at 37-C for 5 minutes to el.m.nate HDL choles- 
terol and the ^sorbance (El ) was measured at 555 nm. After addition of 0.75 ml of Reagent C. the m.xture was further 
incubated at 37«C for 5 minutes, and the absorbance (E2) was measured at a wavelength of 555 nm. THe concentrator! 
of LDL cholesterol was calculated by separately subjecting a standard solution of cholesterol at a concertratjon of 200 
midi to fte same procedure and comparing the respective values of {E2-E1 ) x dilution ratio . The term "diluton ratio 
used herein means the volume ratio of {ReagentA+ ReagentB)/(Reagent A + Reagent B + Reagent C). 
The results obtained by using the blood serum containing 228.4 mg^dl LDL cholesterol are shown .n Fig. 1 . 



40 



45 



Example 2 

Blood serum samples were subjected to the determination of LDL cholesterol using Reagent B and Reagent C 
described in Example 1 (2) and the combinations of an aggregating agent and a divalent metal salt shown below »i 
Reagent A with an autoanalyzer (Hitachi 7070) (4 m of sample. 270 m of Reagent A. 90 nl of Reagent B. and 90 ^lof 
Reagent C). Separately, the sample was subjected to the detemiination of LDL cholesterol in accordanc^ wrth ttiie 
method described in "Igaku no Ayumi". 24 (8). 359 (1975) (uHracentifugation method) using a rotor (Hitach. RPL 42 T)^ 
As apparent from Table 1 . the results obtained by using Reagents A. B and C showed good agreement wrth the result 
obtained by the ultracentrifugation method. 
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(A) 


PhosDhotunastic acid 


10 mg/ml 




Mg sulfate heptahtydrate 


7.5 mg/ml 


<B) 


Sodium dextran sulfate (MW: 4000) 


1 mg/ml 




Win <;ulfate heDtahvdrate 


10 mg/ml 




Heparin sodium salt 


10 mg/ml 




Ca chloride dihydrate 


10 mg/ml 


<D) 


PEG 20000 


50 mg/ml 




Ma sulfate heDtahvdrate 


5 mg/ml 




Phn^nhotunastic add 


10 mg/ml 




Sodium dextran sulfate (MW: 200000) 


7.5 mg/ml 




Mg sulfate heptahydrate 


7.5 mg/ml 


<F) 


Phosphotungstic acid 


10 mg/ml 




Heparin sodium salt 


7.5 mg/ml 




Mg sulfate heptahydrate 


7.5 mg/ml 


(G) 


Phosphotungstic acid 


10 mg/ml 




PEG 6000 


7.5 mg/ml 




Mg sulfate heptahydrate 


7.5 mg/ml 



Table 1 



Reagent A 


Value found 


<A) 


177.7 mg/dl 


<B> 


178.9 mg/dl 


<C> 


178.1 mg/dl 


<D) 


177.2 mg/dl 


<E) 


179.0 mg/dl 


(F> 


178.8 mg/dl 


<G) 


176.5 mg/dl 


Ultracentrifugation method 


178.4 mg/dl 



Example 3 

Chemical modification of the enzymes was carried out by the same procedure as in Example 1(1) except that Sun- 
bright AKM1511 (NOF Corporation), polyurethane P4000 activated (Boehringer Mannheim), and' Dextran T40. TCT- 
activated (Boehringer Mannheim) were respectively used in place of Sunbright VFM4101 . The same Wood serum sam- 
ples as used in Example 2 were subjected to the determination of LDL cholesterol in a similar manner as in Example 2 
using Reagent A and Reagent C described in Example 1 (2) and using the chemically modified enzymes obtained 
above in place of the PEG-modif ied cholesterol esterase and the PEG-modified cholesterol oxidase in Reagent B. The 
concentration of LDL cholesterol were determined to be 178.0 mg/dl. 17ai mg/dl. and 1 79.8 mg/dl. respectively, which 
showed good agreement with the result obtained by the ultracentrifugation method. 
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Exannole 4 

The same blocxJ serum sample as used in Example 2 was subjected to the determination of LDL cholesterol in a 
similar manner as in Example 2 i^ing Reagent A desaibed in Example 1 (2), using catalase at a concentration of 300 
u/m! in place of peroxidase in Reagent B, and using additionally peroxidase at a concentration of 30 u/ml in Reagent C. 
The concentration of LDL diolesterol was determin©j to be 1 78.6 mg/dl. which showed good agreement with the result 
obtained by the ultracentrrfugation method. 

Example 5 

The same blood serum samples as used in Example 2 were subjected to the determination of LDL cholesterol in a 
similar manner as in Example 2 using Reagent A and Reagent C described in Example 1 (2) and using TOOS (meas- 
urement at 555 nm), DAOS (measurement at 593 nm), MAOS (measurement at 630 nm). and TOPS (measurement at 
550 nm), respectively, at a concentration of 0.3 g/l in place of EMSE In Reagent B. The concentrations of LDL choles- 
terol were determined to be 177.9 mg/dl. 177.8 mg/dl. 179.2 mg/dl, and 178.8 mg/dl. respectively, which showed good 
agreement with the result obtained by the ultracentrifugation method. 

Example 6 

The same blood serum samples as used in Example 2 were subjected to the determination of LDL cholesterol in a 
similar manner as in Example 2 using Reagent A and Reagent B described in Example 1 (2) and using MCDP (nneas- 
urement at 666 nm) and BCMA {measurement at 755 nm), respectively, at a concentration of 0.1 mg/ml in place of 4- 
aminoantipyrine in Reagent C. The concentrations of LDL cholesterol were determined to be 178.3 mg/dl and 179.0 
mg/dl. respectively, which showed good agreement with the result obtained by the ultracentrifugation method. 

Example 7 

The same blood serum sample as used in Example 2 was subjected to the determination of LDL cholesterol in a 
similar manner as in Example 2 using Reagent A and Reagent B described in Example 1 (2) and using dimethyl-p- 
cydodextrin at a concentration of 20 mg/ml in place of the unmodified cholesterol esterase in Reagent C. The concen- 
tration of LDL cholesterol was determined to be 1 77.4 mg/dl, which showed good agreement with the result obtained 
by the ultracentrifugation method. 

Example 8 

Reagent A and Reagent B described in Example 1 (2) were mixed at a ratio of 3:1 to prepare Reagent D. To 3 ml 
of Reagent D was added 20 ^1 of the same blood serum sample as used in Example 2, and after incubation at 37'C for 
5 minutes, the absorbance (E1) was measured at 555 nm. After addition of 0.75 ml of Reagent C. the mixture was fur- 
ther incubated at 37^C for 5 minutes, and the absorbance (E2) was measured at a wavelength of 555 nm. The concen- 
tration of LDL cholesterol was calculated by separately subjecting a standard solution of cholesterol at a concentration 
of 200 mg/dl to the same procedure and conparing the respective values of (E2-E1) x dilution ratio . The terni "dilution 
ratio" used herein means the volume ratio of (Reagent D)/(Reagent D + Reagent C) . The concentration of LDL choles- 
taol was determined to be 177.6 mg/dl. which showed good agreement with the result obtained by the ultracentrifuga- 
tion method. 
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Example 9 



70 



15 



Reagent A 


MOPS buffer 


10 mM {pH 7) 




Na sulfate 


2 nng/ml 




EMSE 


0.3 mg/ml 




Ascorbic acid oxidase 


3 u/ml 


Reagent B 


MOPS buffer 


10mM(pH 7) 




4-Aminoantipyrine 


0.5 mg/ml 




Sodium cholate 


3 mg/ml 




PEG-modified cholesterol esterase 


5 u/ml 




Unmodified cholesterol oxidase 


7uJm\ 




Peroxidase 


10 u/ml 



20 



25 



30 



The same PEG-modified cholesterol esterase as used in Example 1 was used In this Example. 

The same blood serum sample as used in Example 2 was subjected to the determination of LDL cholesterol with 
an autoanalyzer (Hitachi 7250) using the reagents mentioned above. The change of absorbance (E3) between 3.5 min- 
utes and 5 minutes after the addition of Reagent B was measured. The concentration of LDL cholesterol was calculated 
by separately subjecting a standard solution of cholesterol at a concentration of 200 mg/dl to the same procedure to 
measure the change of absorbance (E4) and comparing the values of E3 and E4. The concentration of LDL cholesterol 
was determined to be 178.6 mg/dl. which showed good agreement with the result obtained by the ultracentrifugation 

method. ^ ^ , 

Fig. 2 shows the time course of the absorbance as determined using HDL. LDL and VLDL separated by the ultra- 
centrifugation method and human blood serum. 

Example 10 



Reagent A 


MOPS buffer 


10 mM (pH 7) 




Sodium dexlran sulfate (MW: 500000) 


0.5 mg/ml 




Mg sulfate heptahydrate 


5 mg/ml 




EMSE 


0.3 mg/ml 




Peroxidase 


10 u/ml 




PEG-modified cholesterol esterase 


2 u/ml 




Unmodified cholesterol oxidase 


3 u/ml 




Ascorbic acid oxidase 


3 u/mi 


Reagent B 


MOPS buffer 


10 mM (pH7) 




4-Aminoantipyrine 


0.5 mg/ml 




Triton X-100 


3 mg/ml 




EDTAtetrasodium salt 


5 u/ml 



The same PEG-modified cholesterol esterase as used in Exanple 1 was used In this Exan?)Ie. 

The same Wood serum sample as used in Example 2 was subjected to the detemnination of LDL cholesterol with 
an autoanalyzer (Hitachi 7250) using the reagents mentioned above (absorbance: E5). The cofKentration of LDL cho- 
lesterol was calculated by separately subjecting a standard solution of cholesterol at a concentratioi of 200 mg/dl to the 
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same procedure (absorbance: E6) and conparing the values of E5 and E6. The concentration of LDL cholesterol was 
determined to be 177.3 mg/dl. which showed good agreement with the result obtained by the ultracentrifugation 
method. The absorbance measurements with the autoanalyzer were made 5 minutes after the addition of Reagent B. 

Example 11 

( 1 ) Chemical modification of enzyme 

Cholesterol esterase derived from a microorganism belonging to the genus Pseudomonas (1 g) was dissolved in 
100 ml of a 20 mM phosphate buffer (pH 8). followed by cooling to 15*0. To the solution was added 25 g of Sunbright 
VFM4101 (NOP Corporation), and the mixture was subjected to reaction for 4 hours. The resulting reaction mixture was 
used as the PEG-modified cholesterol esterase in Reagent B (molecular weight of PEG moiety = 6000). Separately. 1 
g of cholesterol oxidase derived from a microorganism belonging to the genus Brevi bacterium and 0.5 g of Sunbright 
VFM4101 were subjected to reaction in the same manner as above. The resulting reaction mixture was used as the 
PEG-modified cholesterol oxidase in Reagent A (molecular weight of PEG moiety = 6000). 

(2) Determination of LDL cholesterol 



Reagent A 


MOPS buffer 


20 mM (pH 7) 




Mg sulfate heptahydrate 


2g/l 




Peroxidase 


30 u/ml 




PEG-modified cholesterol esterase 


2u/ml 




PEG-modified cholesterol oxidase 


5 u/ml 




Sodium cholate 


1 g/l 




EMSE 


0.3 g/l 




Ascorbic acid oxidase 


3 u/ml 


Reagent B 


MOPS buffer 


20 mM (pH 7) 




Unmodified cholesterol esterase 


3 u/ml 




4-Aminoantipyrine 


0.4 g/l 



The following samples were used: (1) a blood serum containing 228.4 mg/d! LDL cholesterol as determined by the 
ultracentrifugation method. (2) a 8:10 dilution of the serum of (1) with physiological saline, (3) a 6:10 dilution of the 
serum of (1) with physiological saline, (4) a 4:10 dilution of the semm of (1) with physiological saline. (5) a 2:10 dilution 
of the serum of (1 ) with physiological saline, and (6) physiological saline. 

To 2.25 ml of Reagent A was added 20 nl of a sample, and the mixture was incubated at 37*C for 5 minutes to elim- 
inate cholesterol in lipoproteins other than LDL After addition of 0.75 ml of Reagent B. the mixture was further Incu- 
bated at 37*0 for 5 minutes, and the absorbance was measured at a wavelength of 600 nm. The results are shown in 
Rg. 3. 

Separately, to a 3:1 mixture of Reagent A and Reagent B was added 20 jil of a standard solution of cholesterol at 
a concentration of 200 mg/dl. the mixture was incubated at 37''C for 5 minutes, and the absorbance was measured at 
a wavelength of 600 nm. The concentration of LDL cholesterol in the blood serum sample mentioned above was calcu- 
lated based on the absortjance thus obtained. The concentration of LDL cholesterol was determined to be 229.7 mg/dl. 
wrhich showed good agreement with the result obtained by the ultracentrifugation method. 

Example 12 

The same blood serum samples as used in Example 1 1 (2) were subjected to the determination of LDL cholesterol 
using Reagent B described in Exanrple 1 1 (2) and using additionally the combinations of an aggregating agent and a 
divalent metal salt shown below in Reagent A with an autoanalyzer (Hitachi 7070) (4 \i\ of sample, 270 \i\ of Reagent A, 
and 90 ^1 of Reagent B). Separately, the sample was subjected to the determination of LDL cholesterol in accordance 
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with the method described in Modern Medical Treatment (Gendai Iryo). 2S (1), 113 (1991) (ultracentrifugation method) 
using a rotor (Hitachi RPL 42 T). As apparent from Table 2. the results obtained by using Reagents A and B showed 
good agreement with the result obtained by the ultracentrifugation method. 



<A) 


Phosphotungstic acid 


0.1 mg/ml 






1 mg/ml 




Sodium dextran sullate (MW: 20000) 


0.1 mg/ml 




Mn Qiilfatp hpntahvdrats 

iviy ouiidic nc|ji&i ijvjiwiw 


2 mg/ml 




UAnarin c/vtiiim ^Plt 


0.3 mg/ml 




Ha rhinririp dihvdrate 


3 nng/ml 


/n\ 

\U/ 




20 mg/ml 




Kyin ciilfatp hpntahvHratP 
iViy oUlidlc 1 icpiai i/uiaic 


3 mg/ml 


(E) 


Phosphotungstic acid 


0.1 mg/ml 




Sodium dextran sulfate (MW: 200000) 


0.1 mg/ml 




Mg sulfate heptahydrate 


2 nog/ml 


<F> 


Phosphotungstic acid 


0.1 mg/ml 




Heparin sodium salt 


0.1 mg/ml 




Mg sulfate heptahydrate 


2 mg/ml 


(G) 


Dextran sulfuric acid (MW: 500000) 


0.1 mg/ml 




PEG 6000 


5 mg/ml 




Mg sulfate heptahydrate 


2 mg/ml 



50 



Table 2 



Reagent A 


Value found 


<A) 


224.5 mg/dl 


(B> 


229.1 mg/dl 


(C> 


226.6 mg/dl 


(D) 


227.3 mg/dl 


(E> 


227.0 mg/dl 


<F> 


230.8 mg/dl 


<G) 


225.9 mg/dl 


Ultracentrifugation method 


228.4 mg/dl 



Example 13 



55 Chemical modif ication of the enzymes was carried out by the same procedure as in Example 11 (1) except that 
Sunbright AKM1511 (NOP Corporation), polyurethane P4000 activated (Boehringer Mannheim), and Dextran T40. 
TCT-activated (Boehringer Mannheim) were respectively ised in place of Sunbright VFM4101. The same Wood serum 
samples as used in Example 1 1 (2) were subjerted to the determination of LDL cholesterol in a similar manner as in 
Example 11 (2) using Reagent B described in Example 11 (2) and using the chemically modified enzymes obtained 
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above in place of the PEG-modified cholesterol esterase and the PEG-modified cholesterol oxidase in Reagent A. The 
concentrations of LDL cholesterol were determined to be 228.0 mg/dl. 229.1 mg/dl. and 226.8 mg/di. respectively, 
which showed good agreement with the result obtained by the ultracentrifugation method. 

5 Example 14 

The same blood serum sample as used in Example 1 1 (2) was subjected to the determination of LDL cholesterol 
in a similar manner as in Example 1 1 (2) using catalase at a concentration of 300 u/ml in place of peroxidase in Reagent 
A desaibed in Example 11 (2) and using additionally 300 u/ml peroxidase and 0.5 mg/ml sodium azide in Reagent B. 
10 The concentration of LDL cholesterol was determined to be 228.6 mg/di, which showed good agreement with the result 
obtained by the ultracentrifugation method. 

Example 15 

15 The same blood serum samples as used in Example 1 1 (2) were subjected to the determination of LDL cholesterol 
in a similar manner as in Example 1 1 (2) using Reagent B described in Example 1 1 (2) and using TOOS (measurement 
at 555 nm). DAOS (measurement at 593 nm), MAOS (measurement at 630 nm), and TOPS (measurement at 550 nm), 
respectively, at a concentration of 0.3 g/1 in place of EMSE in Reagent A. The concentrations of LDL cholesterol were 
determined to be 227.9 mg/dl. 227.4 mg/dl, 225.2 mg/dl. and 224.8 mg/dl. respectively, which showed good agreement 

20 with the result obtained by the ultracentrifugation method. 

E)^amp|9 16 . 

The same blood seaim samples as used in Example 1 1 (2) were subjected to the determination of LDL cholesterol * 
25 in a similar manner as in Example 11 (2) using Reagent A free of EMSE and using MCDP (measurement at 666 nm) 
and BCM A sulfate (measurement at 755 nm), respectively, at a concentration of 0. 1 mg/ml in place of 4-aminoantipyrine 
in Reagent B. The concentrations of LDL cholesterol were determined to be 228.3 mg/dl and 229.0 mg/dl, respectively, 
which showed good agreement with the result obtained by the ultracentrifugation method. 

30 Example 17 

The same blood semm samples as used in Example 1 1 (2) were subjected to the determination of LDL cholesterol 
in a similar manner as in Example 1 1 (2) using Reagent Adescribed in Example 1 1 (2) and using additionally 5 mg/ml 
polyoxyethylene monolaurate, 5 mg/ml Triton X-100. and 1 mg/ml sodium dodecylbenzenesulfonate. respectively, in 
35 Reagent B. The reactions were completed within 3 minutes. The concentrations of LDL cholesterol were determined to 
be 228.6 mg/dl. 226.1 mg/dl, and 227.0 mg/dl, respectively, which showed good agreement with the result obtained by 
the ultracentrifugation method. 

Ex^mpl^ 19 

40 

The same blood serum samples as used in Example 1 1 (2) were subjected to the determination of LDL cholesterol 
in a similar manner as in Example 1 1 (2) using Reagent Adescribed in Example 1 1 (2) and using 5 mg/ml polyoxyeth- 
ylene monolaurate. 5 mg/ml Triton X-100, and 1 mg/ml sodium dodecylbenzenesulfonate, re^spectively. in place of the 
unmodified clrolesterol esterase in Reagent B. The reactions were completed v^thin 3 minutes. The concentrations of 
45 LDL cholesterol were determined to be 227.9 mg/dl. 229.2 mg/dl. and 226.1 mg/dl, respectively, which showed good 
agreement with the result obtained by the ultracentrifugation method. 

Example 19 

50 The same blood serum samples as used in Example 1 1 (2) were subjected to the determination of LDL cholesterol 
in a similar manner as in Example 1 1 (2) using Reagent B described in Example 1 1 (2) and using deoxycholic acid and 
taurocholic add. respectively, at a concentration of 1 g/l in place of cholic acid in Reagent A. The concentrations of LDL 
cholesterol were determined to be 229.9 mg/dl and 225.7 mg/dl, respectively, which showed good agreement with the 
result obtained by the ultracentrifugation method. 

55 

Industrial Aoplicabilitv 

The present invention provides a simple method for the determination of LDL cholesterol which does not require 
complicated separation steps. 
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Claims 

1 A method for the determination of cholesterol in low-density lipoprotein (LDL) in a sample containing LDL, which 
comprises eliminating cholesterol in high<lensity lipoprotein (HDL) in the sample, subjecting the sample to a reac- 
tion utilizing the action of a cholesterol ester-hydrolyzing enzyme and the action of a cholesterol-oxidizing enzyme 
or of cholesterol oxidoreductase. and determining the amount of hydrogen pa-oxide or a reduced type coenzyme 
generated by the reaction. 

2. The method according to claim 1. wherein the reaction utilizing the action of a cholesterol ester-hydrolyzing 
enzyme and the action of a cholesterol-oxidizing enzyme or of cholesterol oxidoreductase is carried out in the pres- 
ence of a reagent which enables the reaction of cholesterol in LDL 

3 The method according to claim 2. wherein the elimination of cholesterol in HDL is carried out by a reaction utilizing 
the action of a chemically modified or unmodified cholesterol ester-hydrolyzing enzyme and the action of a chemi- 
cally nxxJified or unmodified cholesterol -oxidizing enzyme or of chemically modified or unmodified cholesterol oxi- 
doreductase in the presence of a reagent inhibiting the reaction of lipoproteins other than HDL 

4 The method according to claim 3. wherein said reagent inhibiting the reaction of lipoproteins other than HDL is a 
combination of a divalent metal salt, and heparin or a salt thereof, phosphotungstic acid or a salt thereof, dextran 
sulfuric add or a salt thereof, polyethylene glycol, sulfated cyclodextrin or a salt thereof, sulfated oligosaccharide or 
a salt thereof, or a mixture thereof. 

5. The method according to claim 3. wherein said reagent inhibiting the reaction of lipoproteins other than HDL is an 
antiapo-B antibody or an antiapo-C antibody. 

6. The method according to any of claims 3-5. wherein the modified moiety of said chemically modified cholesterol 
ester-hydrolyzing enzyme, chemically modified cholesterol-oxidizing enzyme, and chemically modified cholesterol 
oxidoreductase is a group having polyethylene glycol as a main conoponent. a group having polypropylene glycol 
as a main component, a group having a copolymer of polypropylene glycol and polyethylene glycol, a group having 
a saccharide in the structure, a sulfopropyl group, or a polyurethane group. 

7 The method according to any of claims 3-6, wherein said reagent which enables the reaction of cholesterol in LDL 
is a nonionic. cationic or anionic surfactant, cyclodextrin, a chemically modified or unmodified cholesterol ester- 
hydrolyzing enzyme capable of acting on LDL. a chemically modified or unmodified cholesterol-oxidizing enzyme 
capable of acting exclusively on LDL or chemically modified or unmodified cholesterol oxidoreductase capable of 
acting on LDL 

8. The method according to daim 1 , wherein the elimination of cholesterol in HDL is carried out by eliminating cho- 
lesterol in lipoproteins other than LDL In the presence of a reagent inhibiting only the reaction of LDL 

9. The method according to claim 8. wherein said elimination of cholesterol in lipoproteins other than LDL is followed 
by the addition of a reagent which enables the reaction of cholesterol In LDL 

10. The method according to claim 9, wherein said reagent inhibiting only the reaction of LDL is a chemicaUy modified 
or unmodified cholesterol ester-hydrolyzing enzyme capable of inhibiting only the reaction of LDL 

1 1 . The method, according to claim 10, wherein the modified moiety of said chemically modified cholesterol esterase is 
a group having polyethylene glycol as a main component, a group having polypropylene glycol as a main compo- 
nent, a group having a copolymer of polypropylene glycol and polyethylene glycol, a group having a saccharide in 
the structure, a sulfopropyl group, or a polyurethane group. 

1 2. The method accordng to any of daims 9-1 1 , wherein said reagent which enables the reaction of chdesterol in LDL 
is a cholesterol ester-hydrolyzing enzyme enabling the reaction of cholesterol in LDL 

1 3. The method accordng to any of claims 9-1 1 . wherein said reagent which enables the reaction of chdesterol in LDL 
is a surfactant or a chelating agent 

14. The method according to any of daims M3, wherein said chdesterol ester-hydrolyzing enzyme, chdesterd-oxi- 
dizing enzyme or dioleslerol oxidoreductase is an enzyme derived from an animal, a plant or a microorganism, an 
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enzyme obtained by introducing the gene of such an enzyme into other microorganism and subsequent expressing 
or an enzyme obtained by modifying the gene of such an enzyme and subsequent expressing it. 

1 5. The method according to any of claims 1-14, wherein the determination of hydrogen peroxide is carried out by con- 
verting hydrogen peroxide into a pigment by the action of peroxidase and a chromogen, and determining the pig- 
ment. 

1 6. A reagent for the determination of cholesterol in LDI-, which contains a reagent inhibiting the reaction of lipoproteins 
other than HDL and a reagent enabling the reaction of cholesterol in LDL 

17. A reagent for the determination of cholesterol in LDL. which is a kit composed of a reagent inhibiting the reaction 
of lipoproteins other than HDL and a reagent enabling the reaction of cholesterol in LDL 

1 8. The reagent according to claim 1 6 or 1 7. wherein said reagent inhibiting the reaction of lipoproteins other than HDL 
is a combination of a divalent metal salt, and heparin or a salt thereof, phosphotungstic add or a salt thereof, dex- 
tran sulfuric acid or a salt thereof, polyethylene glycol, sulfated cyclodextrin or a salt thereof, sulfated oligosaccha- 
ride or a salt thereof, or a mixture thereof. 

1 9. The reagent according to claim 16 or1 7. wherein said reagent inhibiting the reaction of lipoproteins other than HDL 
is an antiapo-B antibody or an antiapo-C antibody. 

20. The reagent according to any of daims 16-19. wherein said reagent enabling the reaction of cholesterol in LDL is 
a nonionic, cationic or anionic surfactant, cyclodextrin, a chemically modified or unmodified cholesterol ester-hydro- 
lyzing enzyme capable of acting on LDL, a chemically modified or unmodified cholesterol-oxidizing enzyme capa- 
" ble of acting exclusively on LDL, or chemically modified or unmodified cholesterol oxidoreductase capable of acting 
on LDL 

21. A reagent for the determination of cholesterol in LDL, which contains a reagent inhibiting only the reaction of LDL 

22. A reagent for the determination of cholesterol in LDL, which contains a reagent inhibiting only the reaction of LDS 
and a reagent enabling the reaction of cholesterol in LDL 

23. A reagent for the determination of cholesterol in LDL. which is a kit composed of a reagent inhibiting only the reac- 
tion of LDL and a reagent enabling the reaction of cholesterol in LDL 

24. The reagent according to any of daims 21 -23, wherein said reagent inhibiting only the reaction of LDL is a chemi- 
cally modified or unmodified cholesterol ester-hydrolyzing enzyme capable of inhibiting only the reaction of LDL. 

25. The reagent according to daim 24, wherein the modified moiety of said chemically modified cholesterol esterase is 
a group having polyethylene glycol as a main component, a group having polypropylene glycol as a main compo- 
nent a group having a copolymer of polypropylene glycol and polyethylene glycol, a group having a saccharide in 
the structure, a sulfbpropyl group, or a polyurethane group. 

26. The reagent according to any of daims 21-25, wherein said reagent enabling the reaction of cholesterol in LDL is 
a cholesterol ester-hydrolyzing enzyme enabling the reaction of cholesterol in LDL 

27. The reagent according to any of daims 21-25, wherein said reagent enabling the reaction of cholesterol in LDL is 
a surfactant or a chelating agent. 
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Figure 3 
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